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A PRBPREG AND ITS USE 



FIELD OF THE INVENTION 



This invention relates to a prepreg comprising a base part, said base part conq)rising 
fibers and a matrix, said matrix being at least partially uncured. The invention further 
relates to a composite and a mineralizing sheet for treatment of hypersensitive teeth as 
well as to the use of said prepreg and composite. 

BACKGROUND OF THE INVENTION 

The publications and other materials used herein to illuminate the background of the 
invention, and in particular, the cases to provide additional details respecting the 
practice, are incorporated by reference. 

The use of reinforced composites made of particulate fillers or reinforcing fibers has 
gained popularity in dental and medical field. Recently, several inventions regarding 
the fiber-reinforced composites have been made. The state-of-the-art fiber-reinforced 
composites yield high strength properties and by selecting the multiphase resin matrix 
for the composite, tiie handling characteristics of the composite can be considerably 
improved. Such products are disclosed for example in Us 6,197,410 and WO 
02/100355. 

On the other hand, a lot of development with bioactive materials, namely bioactive 
glass, sol-gel processed siUca, hydroxyapatite and Ca/P -doped siUca has occurred. 
These materials can be used to biomineralize the surface of the dentine of tooth, or to 
achieve attachment of bone to biomaterials surface. The mineralization of the dentine is 
used in order to eliminate the hypersensitiveness of tiie tootii due to opened dentinal 
tubules. The elimination of the hypersensitiveness occurs by sealing tiie tubules wifli 
apatite-like minerals by means of bioactive glass granules, for example. The 
biomineralization of the dentine takes several days or weeks to occur. During tiiis time, 
the bioactive glass granules should be located in contact witii the dentine. This has 
caused practical problems, because the bioactive granules need to hold on place with 
various types of materials, like surgical pastes. This kmd of paste is disclosed for 
example in US 5,891,233. 
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Another use for biomineralization of the dentine is flie use of bioactive glass granules 
as fiUmg material of the tooth. The biomineralization hardens flie dentine surface and 
aUows better bonding of filling composite resins to dentine. In addition, the bioactive 
granules behave as antimicrobial agent in bone sinuses and in root canal. 

The shortcoming of methods to use bioactive glass granules on dentine is the 
d^culties in appUcation, as explained above. The currently used appUcation methods 
of bioactive materials are limited in their use, mainly because the bioactive material 
does not remain on flie tooth sm^e for enough long period of time, or when some 
pastes, such as surgical pastes have been used to cover flie bioactive material, cosmetic 
and esflietic problems and discomfort for flie patient has occurred. 

In orthopedics, fillers materials as bioactive glass have been used successfiiUy. 
OBJECTS AND SUMMARY OF THE INVENTION 

The object of fliis invention is to provide a material tiiat can be used to mineralize 
dentme tubules, a material fliat is easy to use and that does not cause any discomfort for 
the patient. 

A further object of fliis invention is to provide an improved material for use as filling 
matenal for teefli, as well as for oflier dental and medical applications. 

The objects of flie present invention are fulfiUed by the prepreg according to tiie 
pr^ent mvention. Said prepreg comprises a base part, said base part comprising fibers 
^d a matiix. said matrix being at least partiaUy micured, and said prepreg is 
ctocterized in fliat it further comprises at least one surface part consisting essentially 
of bioactive fiUer material, said bioactive filler material being in particle form and at 
least partially and at most partiaUy embedded in said base part. 

The objects of flie present invention are further fulfilled by the composite obtainable by 
curmg flie prepreg according to flie invention as well as by tiie flie mineralizing sheet 
for treatment of hypersensitive teefli according to flie present invention and by flie use 
of flie present prepreg and composite in various dental and medical applications, as wiU 
be discussed more in detail below. 
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DETAILED DESCRIPTION OF THE INVENTION 

The invention is disclosed in the appended independent claims. 

The prepreg according to the invention is characterized in that it comprises at least one 
sinfece part consisting essentially of bioactive filler material, said bioactive filler 
mat^al being in particle form and at least partially and at most partially embedded in 
said base part 

In this application, by curing it is meant polymerization and/or crosslinking. By matrix 
It is miderstood the continuous phase of the composition and by uncured matrix it is' 
meant a matrix tiiat is in its deformable state but that can be cured, i.e. hardened, to a 
n<m^eformable state. The uncured matrix may already comprise some long chains but 
It IS essentially not yet polymerized and/or crosslinked. By prepreg, it is meant a semi- 
manufactured product, tiiat is. a product that is not polymerized or partiy polymerized 
yet Still deformable. The polymerization of a prepreg leads to a composite. The terms 
conqjosite and "cured prepreg" may be used interchangeably. 

The objecte of tiiis invention are thus fulfilled, i.e. the invention provides a material, a 
prepreg, which can be used to mineraUze and disinfect dentine tubules, that is easy to 
use and that does not cause any discomfort for the patient. This invention also provides 
an mq,roved material for use as filling material for teeth, as well as for otiier dental and 
medical apphcations, as will be described more in detail below. 

The present invention provides a prepreg for manufactimng a composite material 
co^isting of a fiber-reinforced part and a surface of bioactive fillers. At least one 
surface of tiie fiber-matrix system is coated wifli a layer of bioactive substance. It is 
also possible to have the resin matrix in partly polymerized form. The bioactive 
substMice IS m tiie form of particulate fillers. The bioactive material can be selected 
from bioactive glasses. siUca gel. sitica xerogels, silica aerogel, natiium siUca glass, 
titemum gels, bioactive glass ionomer, hydroxyapatite, Ca/P-doped sitica gel or the 
hke. Any combination of said materials may naturally also be used. When rapid 
mineralization is needed, it is preferred to have bioactive glass with sol-gel processed 
silica particles on the surface of the prepreg. It is naturaUy possible to coat both 
surfaces of the fiber-matiix system by the bioactive fiUer material. It is to be noted that 
the surface part is indeed a coating-type surface part, i.e. that the bioactive filler 
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mat^ial making up the surface part is at least partly but also at most partly embedded 
m said base part. The surfece part is thus also inside the base part but not fully inside it 

The surface part consists essentiaUy of bioactive fiUer material that is in particle form 
By particle form is meant spheres as well as any kind of irregular form, as long as ttte 
largest dimension of a particle is not over 50 % larger than the second largest 
dunension of said particle. 

Some suitable bioactive glasses for this use are for example those described in WO 
96/21628 and the patent application BP 02079105.9. 

Tlie combination of a prepreg with bioactive fiUer coating according to this invention is 
^so referred to as a hybrid composite. A requirement for the hybrid composite is that 
flie bioactive filler particles are bound to tiie resin matrix of the prepreg. Part of the 
bioactive filler particles is penetrated into the resin matrix that attaches the fillers to the 
surface. Also, it is preferred that part of the bioactive fiUer particles is not penetrated 
into the resm matiix. This allows the bioactive particles to come into flie contact with • 
1 5 the surface that needs to mineralize. 

Wh«i the prepreg is used, tiie matiix is still in its non- or partly cured form. This 
enables contommg and placing the prepreg according to the surface topography of 
teefli or cavity to be in good contact witii the dentine. When the prepreg is used to 
cover the surface of the implant of metals, polymers or composites, it is also used in its 
non- or partly cured form. In Ms case, the prepreg is placed in contact with the surface 
of tiie implant and attached to it when tiie curing of flie resin matiix of tiie prepreg 
occurs. Attachment of tiie composite to metal surface is obtained by micromechanic^ 
and chemical means. Attachment of tiie composite to polymer or composite implant is 
obtamed by mterpenetiating polymer networks or by chemical reaction, induced for 
25 example by firee radical polymerization. 

The fiber or fibers used in tiie composition may be any fiber known per se tiiat is 
conq)atible witii tiie matiix used and a person skiUed in tiie art wiU be able to readily 
assess which fiber is tiie most suitable for flie intended appKcation. 

The fibers may for example be selected fi-om a group consisting of inert glass fibers 
(such as S or E glass), bioactive glass fibers, silica fibers, quartz fibers, ceramic fibers 
carbon/graphite fibers, aramid fibers, ceramic fibers, poly(p.phenylene-2,6- 
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benzobisoxazole) fibers (PBO), poly(2,6-(iiimidazo(4,5-b4',5'-e)pyridinyIene-l 4(2 5- 
dihydro)phenylene fibers (PIPD), polyolefin fibers, fibers prepared from copolymers'of 
olefins, polyester fibers, polyamide fibers, polyacrylic fibers, sol-gel processed siUca 
fibers, collagen fibers, ceDulose fibers and modified cellulose fibers. Any combination 
of said fibers may be used. Poly(p-plienyIene-2.6-benzobisoxazole) fibers and 
poly(2,6-diinndazo(4,5-b4',5'-e)pyridinylene-l,4(2,5-dihydro)phenylene fibers belong 
to a group called rigid-rod polymer fibers. It is obvious to a person skilled in the art 
that any other known fibers may be used in the present invention, provided it is 
possible to obtain a suitable adhesion between said fibers and matrix, in order to 
achieve the desired mechanical properties. In dental applications the most suitable 
fibers are. at flie moment of filing this spesification, glass fibers due to their good 
cosmetic and esthetic properties and because the glass fibers allow Ught polymerization 
to be performed through the matrix band. 

The fibers of the matrix band may be in any desired form, such as continuous fibers 
15 chopped fibers or in the form of woven or nonwoven mat or sheet, the orientation of 
the fibers may be unidirectional, bidirectional, tridirectional, tetradirectional or have a 
random orientation. It is also possible to use for example both continuous 
umdirectional fibers and chopped, randomly oriented fibers. 

According to an embodiment of the invention, the prepreg is X-iay opaque, i.e. radio-. 
20 ^aque. The X-ray opacity may be obtained by using metal particles or metal bands of 
fibers m the prepreg. These materials would naturaUy need to be biocompatibles. 

The matrix of the prepreg may be made of any suitable monomer or polymer or 
nnxture of them. The matrix of the prepreg is made of non-degradable, partly 
degradable or degradable polymers or their combmations. 

25 The matrix of the prepreg may comprise monomers selected firom the group consisting 
of methyl acrylate, ethyl acrylate, propyl acrylate. isopropyl acrylate, n-hexyl acrylate 
styryl acrylate, allyl acrylate, methyl methacrylate. ethyl methacrylate, propyl 
methacrylate, isopropyl methacrylate. n-butyl methacrylate, isobutyl methacrylate 2- 
ethylhexyl methacrylate. cyclohexyl methacrylate, isobomyl methacryl'ate 
tetrahydrofurfuiyl methacrylate. benzyl methacrylate. moipholinoethyl methacrylate 
diurethane dunethacrylate. acetoacetoxy ethyl methacrylate (AAEM). methacrylat^ 
fimctionahzed dendrimers. other mefhacrylated hyperbianched oligomers. 
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hydroxymeftyl mea«„=,ylate. hydroxymettyl acrylate. hydroxyethyl methaco-late. 

/L methaoryhte, hydxoxypropyl Jylue. 

glycdyl acrylate. taettylene glycol diacrylate. tetaefhytae glycol dimefta^late 
teWene glycol diaon^late. ttoethylolofhane ttmcfl«crylate. ttmethylolj^ane 
tameftaco-to, pentoerythri.01 to.cft«.ylate. toethylolcaane «acoi.te, 
tanethy^olpropane taacrylate. pentacyttritol «acrylate. penta«Xfto 
tetramcttacrylate pantaerythritol tcta-aaylate. ethylene dimethacrylate, ^eoe 
^a^O-late, ettylene glycol dtoethacrylate, diefliylene glycol dimethacrylate 
meftylene glycol dimethacrylate (TBGDMA), ethylene glycol diacrylate 
drethy eneglycol dracrylate, buthylene glycol dimethacrylate. buthylene ^yc^i 
draoylate, neopentyl glycol dimethacrylate. neopentyl glycol diacrylate, l,3.bmanrfioI 
Amethacytate. 1.3-but,nediol diacrylate. 1,4-bu.anediol dimetha^ylate, iZ 
bu^ed«>l diaa^rbte. 1.6-hexanedloI dimethacrylate. 1.6.hexanediol diaZ^lat^, di 2- 
methacry^oxyeflaylhcxametylene dicaAamate. di.2.metha^lox;eth5.. 

^^hylhexame^lene dicarbamate. di.2.mea.acryloxyea.ylKlm>eaylbLIe 
d,c^ba.,«,te, d>-2-methacryloxyethyl.dimefl,ylcyclohexane dicarbamate, meft^ene- 
b.s.2.mefl.acyloxyethyM.cyclohexyl e«bamate, di.l-methyl.2.methacrylox5Lhyl. 
hexameftylene dicarbamate, di.l-meti.yl.2-mefha^o«eay . 

^e^^ymexamethylene dicarbamate, di-l-methyM-methac^^l 

dmreaylbenzene dicarbamate, di-l-methyl-2-methacryloxye,hyl-dimethySS^,e 
' rft^'™t-'''=-'-"2-«°W.4^^^^^^^ LbaZ 
dl-lK>lloromea.yl-2-methacryloxyethyl.hexamethylene dicarbamate. di-1- 
cMoromeayl-2.methacryloxyethyl.trimethylhexamethylene dicarbamate. di-l- 
daor^nethyl-2-.aettu^ryloxyefhyl-dimettylbenzm^ dicarbamate. di-l-chloromethyl- 
2-methacryloxy=ftyl^eaylcyclohexanc dicarbamate. methylene-bia-i 
methacryloxyeflryM^clohexyl carbamate. di.l-methyl-2-methac^loxyet^l 
hexamethylene dicarbamate m i -i. . , "'^'oxyemyl- 

w„..i,„ii, .V . "oaroamate, di-l-mefliyl-2-methactyloxyethyI- 
tameJhymexamethylene dicarbamate, di.l.methyl.2.metha^lox^efl,yl. 

toeaylbenzene drcarbamate, di-l.mefl,yl.2.methacryloxyetl.yl^efl.y,cyclohexle 
drcarbamate, methylene-bis-l.mea>yl.2.methacryloxyethyl-4.eyclohexyl carbamate. 
<h-l-chlo^meayl.2.methacryloxyethyl-trimethylhexamethylene dicarbamate. di-ll 
chlorMnefl,yl.2-methacryloxyethyl-dimethylbenza,e dicarbamate, di-l-cMoromefhyl- 
2-metha<^l«yethyl^efl.ylcycIohexa„e dicarbamate. methylene-bis-l- 
chloromefliyl-2.methacryloxyethyM.cyclohexyl carbamate. 2.2.bis(4K2.hydroxy-3- 
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mefliactyloxy)phenyl)propane (BisGMA), 2^'.bis(4-mefliacryloxyphenyl)propane, 
2,2'-bis(4-acryloxyphenyl)propane, 2,2'-bis[4(2-hydroxy-3.acryloxypheiiyl)propane, 
2,2'-bis(4-mefhacryloxyethoxypheiiyl)propaiie, 2,2'-bis(4- 
acryloxyeflioxyphenyl)propane, 2^'-bis(4-methacryloxypropoxyplienyl)propme, 2^'- 
bis(4-acryloxypropoxyphenyl)propaiie, 2,2'-bis(4- 
methacryloxydiethoxyphenyl)propane, 2,2'-bis(4-acryloxydie1iioxyphenyliropane! 
2,2'-bis[3(4-p]ienoxy)-2-hydroxypropane-l-inethacrylate]propane, 2,2'-bis[3(4- 
phenoxy)-2-hydroxypropane-l-acrylate]propane and mixtures thereof. 

The matrix may also be made of crosslinkable monomers or polymers such as e- 
caprolactone, polycaprolactone, polylactides, polyhydroxyproline, and other 
biopolymers as well as polyamides, polyurethane, polyethylene, polypropylene, other 
polyolefins, polyvinyl chloride, polyester, polyether. polyethyleneglycol 
polysaccharide, polyacrylonilrile, polymethyl methacrylate, phenol-formaldehyde 
melamme-formaldehyde, and urea-formaldehyde. The matrix may naturaUy also 
consist of a mixture of a monomer(s) and a polymer(s). 

Dendrimers having 5 to 35 functional groups such as methacrylate or acrylate groups 
may also be used. Multifunctionality forms highly cross-linked matrix and decreases 
the creep of the polymer in the long-term use. Examples of suitable dendrimers are 
given for example in US 5,834,118 (incorporated herein by reference). Dendrimers 
may particularly be startburst or hyperbranched methacrylated polyesters. 

According to an embodiment of the invention, the matrix is selected from the group 
consistmg of triethylene glycol dimethacrylate, 2,2-bis(4-(2.hydroxy-3- 
methacryloxy)phenyl)propane, polymethyl methacrylate, methyl methacrylate 
hydroxyethyl methacrylate, urethan dimethacrylate, starburst methacrylated polyesters' 
hyperbranched methacrylated polyesters, polyvinyl chloride, polyetherketone,' 
polylactides, 8-caprolactone, poly-OH-prolme and mixtures thereof. 

A typical polymer in dental appUcations at the moment of filing this spesification is 
polymethyl methacrylate (PMMA), especially PMMA having a molecular weight 
between 13 000 and 996 000 g/mol. More preferably the molecular weight is between 
20 000 and 300 000 g/mol, such a molecular weight allowing an especially easy 
formation of a dense polymer matrix for the finished composite. It is for example 
smtable to use dimethacrylates in combination with polymethyl methacrylate as a resin 
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matrix, because together they form a gel like matrix before curing. It is naturally also 
possible to use mixtures of PMMA's having different molecular weights. 

The curing of the prepreg according to the present invention is performed by a known 
curmg process suitable for the selected matrix. The curing may be induced for example 
by electromagnetic radiation selected from the group consisting of visible light, ultra- 
violet Ught, blue Ught and laser irradiation. Curing of the matrix of the prepreg may 
also be made with any of the conventionaUy used initiator - catalysts systems. Among 
many of them, photosensitive camphorquinone - amine initiator system is preferred in 
dental applications. In endosseus implant coatings, benzoylperoxide systems can be 
used. Also olher radical formation means can be used. During curing, the matrix adapts 
the surface topography of the tooth or the implant surfece and becomes attached to the 
surface. 

According to another embodiment, said matiix is autopolymerizable and the curing is 
mduced by applying an activator on the matiix band. It is also possible to use matrixes 
that are stored in low temperatou-es (under room tenq)eratiire or below 0 °C) after 
manufactoiring and tiiat autopolymerize once the temperatiire is increased to room 
temperature. The preferable curing initiation is obtamed by radiation with blue Ught or 
by laser by help of mitiators and activators for the polymerization and/or crosslinking. . 

Thickness of the prepreg according to the invention may vary between 0,01 mm and 10 
mm. Li appUcations of ti:eatinent for hypersensitive dentine, prepreg thickness of 0,04 
to 0,2 mm is preferred. In basement filUngs, prepreg tiiickness of 1,0 to 3,0 mm' is 
preferred. In applications of endosseus implants, it is preferred to use bioactive glass 
fibers m combination of biostabile glass fibers in the prepreg. The prepreg tiiickness in 
these applications is preferably from 1,0 to 10,0 mm. In root canal appUcations of root 
fiUmgs or root canal posts, flie prepreg consists preferably of continuous unidirectional 
fibers. The diameter of tiie prepreg may vary from 0,1 to 4,0 mm. 

The mvention further relates to a composite obtainable by curing tiie prepreg according 
to tiie mvention. Tlie composite so obtained may be used in any of tiie applications 
herein mentioned for the prepreg. 

The invention also relates to a mineraUzing sheet for treatinent of hypersensitive teefli 
said sheet being characterized in tiiat it consists essentiaUy of a supportmg sheet havmg 
two opposmg faces, a first of said faces being at least partiaUy covered by a prepreg 
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according to ihe present invention or by a composite according to the present 
invention. Preferably, said first face is partiaUy covered by a prepreg or a composite in 
such a manner that the edges of said supporting sheet are essentially free from said 
prepreg or composite. This makes it easier to attach the supporting sheet to the tooth or 
teeth to be treated. Typically, about 0,5-3 mm, preferably 1-2 mm of the edges is free 
from prepreg or composite. The supporting sheet may also be attached to the tooth to 
be treated through the prepreg or composite, at least to some extent. 

The mineralizing sheet may also have an antibacterial effect when a bioactive polymer 
having an antibacterial effect is used, for example. 

The invention stin relates to the prepreg according to the invention for use as treatment 
material for hypersensitive teeth (mineralization material), basement filling material for 
tooth restorations such as fillings, root canal fillings and posts, cores of dental crowns 
clasps, retainers of removable dentures, tooth mineralizing splints, peridontal splints' 
occlusal splints, cervical splints, replacement of bones, coatings of implants hi 
endosseus implants, in replacement of bones, support of bone fractures, bone filliigs 
tissue guiding materials, coatings of implants, artificial parts of jawbones and in othe^ 
applications where bioactive composites are needed. In all 4e possible uses, the 
reinforcing property of the present prepreg (and composite) is important It i^ for 
example possible to use the present invention to support hyper mobile teeth. 

In the case of treatment of hypersensitive dentine, the prepreg forms a coating for the 
hypersensitive tooth surfece. The fiber part of the prepreg protects tiie bioactive fillers 
and retams them on place in contact to the hypersensitive dentine for the mineralization 
of the dentine tubules to occur. The use of degradable polymers with degradable 
bioactive glass fibers or sol-gel processed silica fibers is preferred when hypersensitive 
dentme is treated. For this appUcation, it preferred that the materials degrade with time 
and removal of the materials is by dental professionals is not necessarily needed. 

In flie case of using the prepreg as a basement filling material of tooth restorations the 
prepreg is covered with a layer of restorative filling composite to achieve poKshable 
and wear resistance surface. The prepreg may be cured either alone, i.e. before the 
application of the filling material, or together wifli the filling material. The restorative 
composite layer is attached to the prepreg as basement filling material for example by 
polymerization or crosslinldng (i.e. chemical bonding) or by interpenetrating polymer 
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network (i.e. mechanical bonding). The intention of the prepreg/composite basement 
ffllmg matenal is to aUow mineralization of flie dentine to occur mider the filling This 
protects the pulp of the tooth from microbes, toxins and effects of changes of osmotic 
pressure or temperature changes. It also improves bonding of the filling material to 
5 dentme by hardening the dentine surface. The antimicrobial effect of the bioactive 
fillers inhibits oral microbes to grow at the interphase of filling and tooth. 

The prepreg basement filling material of tooth restorations reinforces the filling-tooth 
system. This is made by the reinforcing fibers of the fiber part of the prepreg that offers 
better strength properties for the filling than those of the restorative fillmg composite 
10 only. ^ 

In the case of tooth mineralizing splints, peridontal splints, occlusal sphnts and cervical 
sphnts. It is possible to include said bioactive material only in the position needed for 
example such that when said splint is used, the bioactive material comes into contact 
only with the cervix dentis. It is also possible to include an indicator that shows when 
the bioactive material needs to be changed. Such an indicator may for example be a 
color mdicator. 

In the case of coating of implants, such as fiber-reinforced composite implants, the 
prepreg and especiaUy the fiber part of the prepreg binds the remforcing fibers of the 
core of the implant together. This improves resistance to delamination and resistance to 
torque forces of the composite implant The bioactive outer surface allows new bone to 
attach to the sur&ce by means of mmeralization. 

m the case of using the hybrid composite in replacement of long bone or jawbone the 
prepreg is placed over or close-by the remaining parts of bone, surrounded around the 
parts of the bone and cured. After curing, the thus formed composite forms support of 
the pieces of bone and the bioactive granules allow mineralization to occur on the 
surface of the composite. The hybrid composite accordmg to the present invention may 
ako be used as a bone filling material in wedge osteothomy and arthrotic joints It is 
also possible to manufecture a device comprising a supporting sheet and a desired 
^omit of the present hybrid prepreg or composite in a desired shape, for use in the 
filhng of a bone cavity, for example. In the case of using the hybrid composite 
accordmg to the present invention as temporary or permanent root canal filling or post 
the prepreg is placed into flie root canal. During msertion of the post to the canal the 



20 



25 



wo 2004/103319 



PCT/FI2004/000309 



11 



bioactive glass granules become into contact with dentine and start to mineralize and 
disinfect the dentine. During curing, the prepreg forms a soUd root canal filling or post. 
In the case of temporary root canal filling, the filling is removed after disinfection has 
occurred. 

5 The invention also relates to the use of a prepreg according to the invention for the 
manufecturing of a dental restoration, root canal post, a dental crown, a retainer for 
removable denture, a tooth mineralizing splint, an occulusal splint, a cervical splint, a 
clasp and a coated implant. 

In a more general manner, the invention relates to the use of a prepreg and a composite 
10 according to the present invention in dental and medical appUcations, such as those 
mentioned above, typically for treatment material for hypersensitive teeth, basement 
filling material for tooth restorations, root canal posts, cores of dental crowns, clasps, 
retainers of removable dentures, tooth mineralizing splints, occlusal splints, cervical 
spHnts, replacement of bones, support of the bone firactures, bone filling.,^ tissue 
1 5 guiding materials and coatings of inq)lants. 

The prepreg according to present invention may for example be used in the febrication 
of a device for treatment of hypersensitive dentine. For example, a prepreg made with 
the technique described in US 6,197,410 (incorporated herein by reference) can be 
coated with a powder of bioactive glass granules having a grain size of 0,5 to 40 Mm. 

20 The fibers may be the form of woven fibers with a weave thickness of 0,06 mm. The 
polymer-monomer gel wetting resin of the prepreg is then used to bound the bioactive 
granules to the surfece. The marginal areas of the prepreg are preferably left without 
bioactive glass coating in order to leave tiie marginal surface to bond to tooth surface. 
If the polymer matrix of tiie prepreg is Ught sensitive, the formed prepreg should be 

25 packed to light impermeable package. 

When tiie prepreg is then used, flie cleaned hypersensitive dentine surface is covered 
witii tiie prepreg by pressing tiie bioactive surface against tiie dentine. The prepreg is 
tiien light cured witii a dental ligjit-curing device and tiie formed composite is 
subsequentiy attached to tiie tootii surface. During tiie next 15 to 30 days, tiie bioactive 
30 glass biomineralizes tiie dentine surface and eliminates flie symptoms of hypersensitive 
dentine. The composite is thereafter removed. 
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The prepreg according to the present invention may further be used in the fabrication of 
a basement filling of too& restorations. A prepreg as described above with randomly 
onented fibers is coated with bioactive glass granules on one surface. When the 
restoration is made, the prepreg with bioactive surface is pressed against the bottom of 
the cavity, namely against the dentine. The prepreg is cured with ^ropriate dental 
curmg umt. The formed composite layer may then be covered willi conventional dental 
restorative paste. The formed composite under the restorative composite remains as 
mtegral part of the restoration, reinforcing the restorative filling composite. 

The prepreg according to the present invention may still further be used in the coating 
of an miplant A prepreg as described above with randomly oriented fibers is coated 
with bioactive glass granules on one side of the prepreg. The non-coated side is then 
pressed against flie implant surface of titanium, cobalt-chromium alloy or non- 
biodegradable composite. The matrix of the prepreg is attached to the implant surfece 
durmg curing of the matrix of the prepreg. 

The prepreg according to the present invention may yet further be used as replacement 
of a part of a long bone. The prepreg manufectured as described above may be placed 
around Ihe ends of a bone firagment in surgical operation. ITie prepreg is then cured by 
for example light activation and the thus formed composite forms a soKd tube-like 
capsule that attaches the pieces of bone together. The bioactive granules on the surface 
of tiie composite enables biomineralization to occur and behave as bone conductive 
surface. 

Hie prepreg according to the preseat invention may also be used as temporary or 
permanent root canal filling or root canal post The prepreg preferably contains 
contmuous umdirectional fibers and when the prepreg has been inserted into the root 
canal, the bioactive glass particles start to mineralize and disinfect the dentine When 
the prepreg is cured, it forms a solid fiber reinforced composite root canal post which is 
used for retention of an artificial crown. 

In this specification, except where the context requires otherwise, the words 
comprise", "comprises" and "comprising" means "include", "includes" and 
mcludmg", respectively. That is, when the invention is described or defined as 

compnsmg specified features, various embodiments of the same invention may also 
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include additional features. Also, the reference signs should not be constraed as 
limiting the claims. 

The invention is described below in greater detail by the following, non-limiting 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure la illustrates schematically the structure of a prepreg according to a fibrst 
embodiment of the present invention. 

Figure lb shows a cross-sectional view of the stracture illustrated in Figure la, 
along the line A- A. 

Figure 2a illustrates schematically the structure of a prepreg according to a second 
embodiment of the present invention. 

Figure 2b shows a cross-sectional view of the structure illustrated in Figure 2a, 
along the line B-B. 

Figure 3a illustrates the use of the prepreg according to a third embodiment of the 
invention. 

Figure 3b shows a partial cross-sectional view of the use illustrated in Figure 3a, 
along the line C-C. 

Figure 4 illustrates the use of the prepreg according to a fourth embodiment of the 
invention. 

Figure 5 illustrates the use of the prepreg according to a fifth embodiment of the 
invention. 

Figure 6 illustrates the use of the prepreg according to a sixth embodiment of the 
invention. 

Figure 7a illustrates the use of the prepreg according to a seventh embodiment of 
the invention. 
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Figure 7b shows a cross-sectional view of the use illustrated in Figure 7a, alone the 
line D-D. « e 

DETAILLED DESCRBPTION OF THE DRAWINGS 

Figures la and lb illustrate schematically the structure of a prepreg according to a first 
embodiment of the present invention. The prepreg consists of a woven mat 1 
embedded m a partly uncured matrix and of a coating of bioactive particulate fiUers 2 
Figure lb shows a cross-sectional view of the structure iUustrated in Figure la, along 
the line A- A, 

Figures 2a and 2b iUustrate schematicaUy the structure of a prepreg according to a 
second embodiment of the present invention. The prepreg consists of chopped fibers 3 
embedded m a partly uncured matrix and of a coating of bioactive particulate fiUers A 
Figure 2b shows a cross-sectional view of the structure iUustrated in Figure 2a alone 
the line B-B. ' * 

figures 3a and 3b illustrate Ihe use of Ihe prepreg according to a third embodiment of 
the mvention, wherein Figure 3b shows a partial cross-sectional view of the use 
IUustrated in Figure 3a, along the line CC. These Figures illustrate a mineralizing 
sheet for treatment of hypersensitive teeth according to the present invention The 
prepreg 5 is used on a tooth's 6 surfece 7 having exposed dentinal tubules 8, meaning 
tiie hypersensitiveness of the tooth. The prepreg consists of a woven mat 9 embedded 
m a matrix and of a coating of bioactive particulate fillers 10. The prepreg is positioned 
on die tooth's 6 surface 7 such tiiat the bioactive fiUer 10 coating is placed into contact 
with the surface 7, 

Figure 4 illustrates Ihe use of the prepreg according to a fourth embodiment of the 
mvention. The prepreg 1 1 is used as a basement filling material in a cavity 12 of tooth 
25 13 underneath of restorative filling material 14. 

Figure 5 illustrates the use of the prepreg according to a fifth embodiment of the 
mvention. The cured prepreg, i.e. Ihe composite 15 is used as a coating of endosseus 
nnplant 16, thus aUowing the bone to mineralize to flie surface of the composite 15. 

Figure 6 illustrates the use of tiie prepreg according to a sixth embodiment of ihe 
30 mvention. The composite is used as support and replacement part of a long bone cut 
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into two pieces 18 and 19, thus allowing flie bone to grow within the surface of the 
composite. The prepreg 17 is represented as being raveloped around the pieces 18 and 
19, in the direction of the arrow 20. 

Figure 7a illustrates the use of the prepreg according to a seventh embodiment of the 
5 invention. The prepreg is used as root canal filling and post. The root (21) is filled with 
the prepreg (22) having bioactive glass granule (23) particles on its surface. Figure 7b 
shows a oross-sectional view of the use illustrated in Figure 7a, along the line D-D. The 
Figure shows the root (21), its dentine tubules (24) that are mineralized and disinfected 
by the granules of bioactive glass (23). 
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